General Gauge Field Theory And Its Application by Wu, N
General Gauge Field Theory And Its Application
Wu Ning
Division 1, Institute of High Energy Physics
Beijing 100039, P.R.China
Abstract
A gauge eld model, which simultaneously has strict local gauge symme-
try and contains massive general gauge bosons, is discussed in this paper.
The model has SU(N) gauge symmetry. In order to introduce the mass term
of gauge elds directly without violating the gauge symmetry of the theory,
two sets of gauge elds will be introduced into the theory. After some trans-
formations, one set of gauge elds obtain masses and another set of gauge
elds keep massless. In the limit   ! 0 or   ! 1, the gauge eld model
discussed in this paper will return to Yang-Mills gauge eld model. Finally,
some applications of this model are discussed.
1 Introduction
Yang and Mills founded non-Abel gauge eld theory in 1954[1 ]. Since then,
gauge eld theory has been extensively applied to elementary particle theories. Now,
it is generally believed that four kinds of fundamental interactions, i.e. strong in-
teractions, electromagnetic interactions, weak interactions and gravitation, are all
gauge interactions. From theoretical point of view, the requirement of gauge in-
variant determines the forms of interactions. But for Yang-Mills gauge theory, if
lagrangian has strict local gauge symmetry, the masses of gauge elds must be zero.
On the other hand, physicists found that the masses of intermediate bosons are very
large in the forties[2 ]. After introducing spontaneously symmetry breaking and
Higgs mechanism, Glashow[3 ], Weinberg[4 ]and Salam[5 ]founded the well-known
unied electroweak standard model. The standard model is consonant well with




have already been found by ex-
periments. But Higgs particle has not been found by experiments until now. We
know that Higgs particle is necessitated by the standard model. Whether Higgs
particle exists in nature? If there were no Higgs particle, how should we construct
the unied electroweak model?
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A possible way to solve this problem is to use general gauge eld theory[6 ].
The general gauge eld theory not only has strict local gauge symmetry, but also
contains massive general gauge bosons. Using general gauge eld theory, we could
construct an electroweak model which contains no Higgs particle[7 ].
2 The lagrangian of the model
Suppose that N fermion elds  
l
(x) (l = 1; 2; : : : ; N) form a multiplet of matter



























The system has SU(N) symmetry. The representative matrices of generators of
SU(N) group are denoted by T
i
(i = 1; 2; : : : ; N
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the real group parameters. U is a unitary N N matrix.




(x). They can be expressed as























(x) are component elds. In the present model, there are two
gauge elds corresponds to one gauge symmetry. Corresponds to two kinds of gauge


































































































































The lagrangian density of the model is:




































where  is a constant.
Local gauge transformations are
  !  
0























































It is easy to prove that the lagrangian is invariant under the above local gauge
transformations. Therefore the model has strict local gauge symmetry. In the above
lagrangian, we have introduced mass terms of gauge elds without violating the
gauge symmetry of the model.
3
3 Masses of general gauge elds

































The wave functions of physical particles are given by eigenvectors of mass matrix.






































The above transformations are pure eld transformations. They can be regarded as
redenition of gauge elds. They do not aect the symmetry of the lagrangian. So,
the local gauge symmetry of the lagrangian is still strictly preserved after the above
transformations.

















































































































































































































From free lagrangian L
0
, we could see that the mass of gauge eld C

is  and the





=  ; m
F
= 0: (3:9)


























The form of local gauge transformation of C

is homogeneous. But obviously, C

is
not an ordinary vector eld or an ordinary matter eld, because C

is a linear com-




and transmits gauge interactions
between matter elds. So, we call C

general gauge eld for the moment.
4 Yang-Mills Limits
In a proper limit, general gauge eld theory can return to Yang-Mills gauge eld
theory. There are two kinds of Yang-Mills limits.
The rst kind of Yang-Mills limit corresponds to very small parameter . Let:
  ! 0; (4:1)
then










In this case, the lagrangian density becomes





































We could see that, only massive gauge eld directly interacts with matter eld.
This limit corresponds to the case that gauge interactions are mainly transmitted
by massive gauge eld. But if  strictly vanishes, the lagrangian does not have
gauge symmetry and the theory is not renormalizable.














Then, the lagrangian density becomes





































In this case, only massless gauge eld directly interacts with matter elds. This limit
corresponds to the case that gauge interactions are mainly transmitted by massless
gauge eld.
In the particles' interaction model, the parameter  should be nite,
0 <  <1: (4:9)
In this case, both massive gauge eld and massless gauge eld directly interact with
matter elds, and gauge interactions are transmitted by both of them.
5 Is the theory renormalizable





























According to the power counting law, a massive vector eld model is not renor-
malizable in most case. Though general gauge eld theory contains massive vector
elds, it is renormalizable. The key reason is that the lagrangian has local gauge
symmetry[8 ].
The general gauge eld theory has maximum local SU(N) gauge symmetry.
When we quantize the general gauge eld theory in the path integral formulation, we
must select gauge conditions rst[9 ]. In order to make gauge transformation degree
of freedom completely xed, we must select two gauge conditions simultaneously:
one is for massive gauge eld C

and another is for massless gauge eld F

. For







there still exists remainder gauge transformation degree of freedom, because tempo-






















In order to make this remainder gauge transformation degree of freedom completely
xed, we had better select another gauge condition for gauge eld C

. For example,








If we select two gauge conditions simultaneously, when we quantize the theory
in path integral formulation, there will be two gauge xing terms in the eective











































































































According to the power counting law, general gauge eld theory is a kind of renor-
malizable theory.
The local SU(N) gauge symmetry will also give a Ward-Takahashi identity which
will eventually make the theory renormalizable. So, in the renormalization of the
general gauge eld theory, local gauge symmetry plays the following two important
roles: 1) to make the propagators of massive gauge bosons have the renormalizable
form; 2) to give a Ward-Takahashi identity which plays a key role in the renormal-
ization of the general gauge eld theory.
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6 Electroweak model without Higgs particle
As an example, let's discuss electroweak interactions of leptons. For the sake












symmetry and right-hand singlet e
R
. Neutrinos have









; y =  1 (6:1)
e
R
; y =  2; (6:2)
y is the quantum number of weak hypercharge Y.
Four gauge elds are needed in the new electroweak theory. They are two non-




corresponding to the SU(2)
L





corresponding to the U(1)
Y
symmetry. The strengths of









































; (m = 1; 2): (6:3c)
In order to introduce symmetry breaking and masses of all elds, a vacuum po-
tential is needed. It has mass dimension. It has no kinematic energy term in the
lagrangian. So, it has no dynamical degree of freedom. The coupling between vac-
uum potential and matter elds can be regarded as a kind of interactions between
vacuum and matter elds.





























































































































are Weinberg angle. v is the vacuum potential.
In the original lagrangian density, v has gauge transformation degree of freedom.
But in our real physical world, the state of vacuum can not be varied freely and
the properties of vacuum are rather stable, it has no gauge transformation degree of
freedom. In the local inertial coordinate system, vacuum is invariant under space-
























Make a global SU(2)
L



















are not eigenvectors of mass matrix. In
order to obtain eigenvectors of mass matrix, we will make the following two sets of














































































































































































































































































































































































































It is easy to see that, in this model, the expressions of the masses of fermions and
intermediate gauge bosons are the same as those in the standard model.
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In a proper limit, the present model will approximately return to the standard
model. Suppose that parameter  is much smaller than 1,
 1; (6:24)
then, in the leading term approximation,
cos  1 ; sin  0: (6:25)















































































is the same as the corresponding lagrangian density in the stan-
dard model. In this approximation, except for the terms concern Higgs particle, the
lagrangian of the model discussed in this paper is almost the same as that of the
standard model: they have the same mass relation of intermediate gauge bosons, the
same charged currents and neutral current, the same electromagnetic current, the
same coupling constant of electromagnetic interactions, the same eective coupling
constant of weak interactions    etc.. On the other hand, we must see that there
are two fundamental dierences between the new electroweak model and the stan-
dard model: 1) there is no Higgs particle in the new electroweak model, so there are
no interaction terms between Higgs particle and leptons, quarks or gauge bosons;
2)compare with the standard model, we have introduced two sets of gauge elds in
the new electroweak model. These new gauge bosons are all massless.
From the above lagrangian, we could see that there is no Higgs particle exist in
the present electroweak theory. Except for Higgs particle and interactions between
Higgs particle and leptons, the new electroweak model keeps almost all other dy-
namical properties of the standard model. Because the theoretical predictions of the
standard model coincide well with experimental results, we could anticipate that the
parameter  will be very small. Though vacuum potential v is very like Higgs eld,
they have essential dierences. The most important dierence is that Higgs eld has
kinematical energy terms but vacuum potential has no kinematical energy terms. In
the standard model, masses of all elds, include quark elds, lepton elds and gauge
elds, are generated from their interactions with Higgs eld. In the present model,
we could think that masses of all elds are generated from their interactions with
vacuum. If the parameter  is small, the cross section caused by the interchange of
massless gauge bosons will be extremely small. So, there will exists no contradic-
tions between high energy experiments and the new electroweak model.
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7 Comments
In general gauge eld theory, if the local gauge symmetry of the lagrangian is
strictly preserved, the mass of general gauge eld can be non-zero. The interaction
properties between matter elds and gauge elds of the general gauge eld theory
are the same as those of Yang-Mills gauge eld theory. In a proper limit, the general
gauge eld theory can return to Yang-Mills gauge eld theory. It keeps Yang-Mills
gauge eld theory as one of its special case.
Because the lagrangian has strict local gauge symmetry, general gauge eld the-
ory is renormalizable[8 ].
If we apply general gauge eld theory to electroweak interactions, we could con-
struct an electroweak model in which Higgs mechanism is avoided. So, Higgs particle
is not a necessary part of an acceptable electroweak model[7 ].
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